Peroxidogenic bacteria, the residential organism in the oral cavity , has been isolated from human subjects, and studied on its distribution and biological properties.
The author obtained some conclusion as follows.
1. In the method of isolation using BEB agar, these organisms were residential in saliva (oral cavity) and vagina. Especially, they could be isolated from the saliva of newborns following a vaginal delivery.
2. Isolation of this organism occured in about 40% of the specimens of gastric juices . 3. Peroxidogenic bacteria could not be isolated from the feces of healthy adults. However, isolation from feces was seen in 10-30% of patients with gastrointestinal disease . The rate of detection was especially high in obstructive jaundice and infantile pseudocholera (70%).
4. Among the peroxidogenic bacteria isolated from the oral cavity and stomach , the mitis type of genus streptococcus (Bergey's manual) was discovered . On the other hand, the bile resistant streptococci were seen in a high percentage.
Bile resistance was seen in most of the strains isolated from the intestine.
5. As the results of indentifying experiments of isolated bile resistant strains, a considerable difference was seen from mitis type streptococci concerning to the biochemical properties. They also disagree with the enterococcus group, no strains show agreement with those described in the section of genus streptococcus of Bergey's Manual . However, many similarities were found in these isolated strains with Aerococcus viridans described by Cowan et al. Concering to the serological reaction of Lancefield, this organism does not belong to group D.
6. For the production of H2O2 by bacteria, presence of O2 is required . As the results of studies through anaerobic culture, there appears to be an accumulation of product preceding H2O2.
7. Since the strains isolated from the oral cavity and the digestive tract have identical biological properties, peroxidogenic streptococci isolated from the intestine appear to be the same as those isolated from the oral cavity.
8. After oral administration of the isolated bacteria to animals (rabbit, rat) the corresponding organism could not be isolated from the feces or isolated transiently . After intraintestinal injection through laparotomy, the organism could be isolated from the feces transiently.
From these animal experimental results and those of isolation experiments , they cannot be considered normal intestinal flora.
Information concerning peroxidogenic bacteria has its origin in the report of Mc Leod and Gordon1) on Diplococcus pneumoniae in 1922. A residential presence of peroxidogenic bacteria in the human oral cavity has been known ever since and many studies have been conducted. In 1951 Thompson and Johnson2) demonstrated the peroxidogenecity of mitis type streptococci and the inhibitory role of the produced hydrogen peroxide on bacterial growth in saliva.
However, it is only in recent years that peroxidogenic bacteria have been discussed as intestinal bacteria. Yanagisawa et al3) 4) were the first to demonstrate the presence of peroxi-(1) Table 2 summarizes the distribution of peroxidogenic bacteria in human saliva, gastric juice, feces and vaginal secretion. State of isolation of peroxidogenic bacteria from saliva: In the saliva of healthy adults, they were isolated in 97.3%, they were found in 73 out of 80 cases (91.2%) in patients with diseases of the digestive organ, in 47 out of 52 cases (90.4%) among the newborn. The rate of detection exceeded 90% in each category.
State of isolation of peroxidogenic bacteria from the gastric juice: They were isolated in 9 out of 21 healthy adults, and in 34 out of 83 cases of diseases of the digestive organ (40.9%). Under the assumption of the presence of influence of gastric acidity in the state of isolation from the stomach, cases of diseases of the digestive organ were studied. Determination pH was carried out after isolation using glass electrode pH meter (Coleman). Fig. 2 summarizes the relationship between the pH of the gastric juice and positive or negative cases in the detection of peroxidogenic bacteria. As a results, the pH value tended to be more elevated in the postive cases than the negative cases, however, a considerable number were positive, despite a low pH value. Table 3 summarizes the rate of isolation according to the disease. 8 out of 15 patients with gastric ptosis or 53.3% were positive this microorganism while 10 out of 19 patients with gastric cancer or 52.6% were positive, indicating a high rate of detection.
On the other hand only 16 out of 49 patients with gastric and duodenal ulcer (ulcer group) were positive, giving the value as low as 32.8%. When the patients with ulcer of duodenum and the patients with ulcer of stomack only were studied separately, 8 out of 28 with gastric ulcer or 28.6% were positive, while 8 out of 21 with duodenal ulcer or 38.0% were positive, giving a higher rate of detection in duodenal ulcer cases.
State of isolation of peroxidogenic bacteria from the feces: Rate of detection in feces showed a considerable variation according to individual cases. In healthy adults, no positive cases were noted among 416 subjects, while a very low rate of 2.3%, 1 out of 44 cases, were noted among the newborn. However, the corresponding values (4) were 12.8% or 9 out of 70 adults with diseases of the stomach, and 31.2% or 5 out of 16 cases of simple infantile diarrhea. In the white feces of patients with infantile pseudocholera, they were isolated to a very high proportion, 81.8% or 18 out of 22 cases. In a minute number of cases with obstructive jaundice due to cancer of pancreas or recidivation of gastric cancer they were isolated in a rather high proportion, 3 out of 6 cases. In these cases, peroxidogenic bacteria could be frequently isolated in an abundant quantity as if they had been in a pure culture. Even if jaundice was present, the rate of detection in non-obstructive jaundice such as hepatitis was low, 1 being isolated out of 8 cases. In 16 cases in which a total gastrectomy had been performed, they were isolated in all samples of saliva but not in those of feces. State of isolation of peroxidogenic bacteria in 54 cases in each of which examination of saliva, gastric juice and feces was carried out:
In 54 cases of diseases of digestive tract, saliva, gastric juice and feces were obtained on the day of operation with the patient in a fasting condition. In cases in which a gastrectomy was carried out, the presence of peroxidogenic bacteria was confirmed in the resected part of stomach. The results are summarized in Table 4 . Peroxidogenic bacteria were isolated in all three of saliva, gastric juice and feces in one case each of gastric ulcer and gastric cancer. Isolation from saliva and gastric juice but not from feces took place in 3 out of 19 cases of gastric ulcer, 2 out of 9 cases of gastric and duodenal ulcer, 4 out of 7 cases of duodenal ulcer, 5 out of 13 cases of gastric cancer, and 4 out of 6 cases of other diseases of stomach.
In the majority or 29 cases, they were isolated only in saliva and not in gastric juice or feces. This was the case in 13 out of 19 cases of gastric ulcer, 7 out of 9 cases of gastric and duodenal ulcer, 3 out of 7 cases of duodenal ulcer and 4 out of 13 cases of gastric cancer. They could not be isolated from any sample in 2 cases of gastric ulcer, and 1 case of gastric (5) • alteration to the aerobic culture after 30min. Tolerance tests: Growth in presence of 6.5 per cent NaCl and 10 per cent NaCl, but no growth in 11 per cent. Growth in broth adjusted to pH 9.6 or on blood agar containing 40 per cent bile. No growth on 60 per cent bile blood agar in 3 strains. No growth in 0.1 per cent methylene blue skim milk. No growth on glucose agar containing 0.04 per cent potassium tellurite but poor growth, occuring formation with black colonies in 9 strains. No growth on SF media except for two strains, one of them was the strain of non-fermetation arabinose.
Antibiotic sensitivity tests: Strong sensitivity to erythromycin, chloramphenicol, kanamycin and oleandmycin. Sensitivity only at a high concentraion (10mcg, 30mcg) to penicilin (7) •k 360•l VOL. 23 Comparing these strains with the isolated strains, the isolated strain definitely showed a alpha-type hemolytic pattern, so that it may be distinguished from beta hemolytic streptococci Str. anginosus and Str. durans. According to the description in Bergey's manual (7th edition)10) Str. sanguis shows beta or alpha type, while they show beta-type according to Topley and Wilson9), Saub6) described them as alpha-type and Cowan and Steel7) as alpha-type. As for the biochemical properties, they were grown on 40% bile blood agar, but not on SF medium, in many respects in agreement with the properties of the isolated strain. However, they differ in more points such as inulin fermentation, and other resistant tests. The isolation of Str. sanguis in , the oral cavity is considered a very rare occurrence, so that the identification of these isolated strains as Str. sanguis is not possible.
Peroxidogenic streptococci of definite alpha-hemolytic type are Str. mitis and D. pneumoniae. The latter is definitely distinguished in bile solubility and inulin fermenation.
Str. mitis was the only one remaining.
As stated in the subsequent section, biochemical properties did not allow it to be identified with the isolated strains.
Studies on the identification of isolated peroxidogenic bacteria from the biochemical properties:
Concerning the identification of the isolated H2O2 producing bacteria Yanagisawa3)4) et al studied the problem in relation to the diarrheal white feces of patients with infantile pseudocholera, tentatively identifying it as enterococcus group. From the fact that most of the isolated microorganisms were cocci originating from the oral cavity and Str. mitis is peroxidogenic, the author considers them to be similar to Str. mitis. However, the results of these studies do not permit any assumption and satisfactory results were not obtainable.
Based on the results of general resistant tests using 6.5% NaCl broth, pH 9.6 broth, 40% bile blood agar, and fermentation of mannitol, sorbitol, arabinose and esculin hydrolyse, the author considers them to be close to the enterococcus group. However, from the fact that they failed to grow at 45C and in 0.1% methylene blue skim milk and in SF medium, and they were no production NH3 from arginine and no decarboxylation of tyrosine, they might indicate a (10) On comparison between isolated strains and Str. mitis described in literature, they are similar in the absence of growth at 45C and 10C, heat resistance at 60C for 30min, and growth in 0.1% methylene blue skim milk and SF medium, but different in the growth on 40% bile blood agar.
Morever, they grow in 6.5% NaCl, and pH 9.6 broth, so that the iso- a very small number but was unable to find it in the feces. They did not mention production of H2O2. Table 9 and Table 10 The experimental results of the author demonstrated the presence of peroxidogenic bacteria in the oral cavity as the residential microorganism.
These results are in agreement with results reported by many investigators.
Moreover, investigation by the author, of newborns, demonstrated the presence of peroxidogenic bacteria in the oral cavity from a short time after birth.
Among the peroxidogenic bacteria isolated from the oral cavity, Str. mitis is found as the oral flora. In addition, D. pneumoniae, Str. sanguis and Str. anginosus originated from the upper respiratory tract and Str. durans as the enterococcus appear to be present.
According to Kraus and Gaston18) (1956), Richardson and Jones19) (1958), 42-45% of the whole aerobic organism in the oral cavity is streptococci. Under ordinary circumstances, oral streptococci is known to belong to the viridans group frequently,20)21) and many of them are Str. salivarius and Str. mitis of the viridans group.22)23)24) Although some variations are found in the quantitative ratio of Str. salivarius and Str. mitis in the oral cavity, constant and abundant presence of Str. mitis appears to be factual.
Consequently, peroxidogenic streptococci isolated from the oral cavity mainly consisted of Str. mitis, with an abundant (12) (13) vaginal secretion of the adult female. Microorganisms isolated from vagina are mainly bacilli, Bacillus vaginalis or Doderlein bacillus. These are considered identical with Lact. acidophillus.
As one of the peroxidogenic bacteria, Lact. acidophillus constantly occupies a considerable portion. However, the H2O2 producing bacteria isolated by the author using BEB agar were all streptococci. This is probably due to the facts that lactobacillus alredy shows an anaerobic tendency at initial isolation, and that a change into a black color of the colony of BEB agar in the author's experiment leads to difficulty in isolation and selection. As a result, the author has considered that similar findings occurred in the cases of oral cavity and stomach. Only a few studies are available on streptococci in vaginal secretion, and studies on peroxidogenic bacteria contained in this secretion remains a further problem.
2. Relationship between isolated peroxidogenic bacteria and infantile pseudocholera:
Description on infantile pseudocholera has a long history. In 1906 Sakamoto31 reported on this disease and Ito32) in 1910 gave it the name of Pseudocholera infantum, followed by detailed studies by Naganushi33) (1932) et al. The mechanism of development in white feces is ascribed to acholic or hypocholic feces due to a provisional disturbance of bile excretion on account of the contraction of the bile duct especially oddi's sphincter. This is regardless of the theory on the causative factor. Some disagree with the theory of the explanation of the white feces with the disturbance of bile excretion or dyskinesia of bile duct.
Yanagisawa3)4) (1959) et al hold that peroxidogenic bacteria is responsible for the white diarrheal feces in this disease in view of the distribution of the number of bacteria and their frequency. Morever, in vitro experiment the reduction and discoloration of the bilirubin has successfully been carried out.
Since peroxidogenic bacteria isolated from white diarrheal feces show biological properties identical with those of residential peroxidogenic bacteria in the oral cavity, the author has concluded that the peroxidogenic bacteria which was isolated from the intestine orginated from the oral cavity. The identification of those strains has already been discussed. It is also presumed that there are species in oral cavity other than ordinary intestinal flora.
In a few case studies done by the author no peroxidogenic bacteria were found in any of the 16 totally gastrectomized cases in feces, so that the inhabition of this microorganism in the intestine is not particularly related with presence or absence of stomach. Since the rate of detection of them was higher in the feces of patients with obstructive jaundice rather than non-obstructive jaundice, the intraintestinal inhabition of them appears to be related to the disturbance of bile excretion. This is of interest in view of the white change of the diarrheal feces of patients with infantile pseudocholera together with disturbance of bile excretion.
However, the peroxidogenic bacteria isolated by the author, except for mitis type, have resistance to bile in a degree comparable with enterococcus as seen from the biochemical properties.
In cases of diseases of stomach without disturbance of bile excretion, they could be isolated from feces in a few cases, so that the intraintestinal inhabition of them does not appear to take place due to the disturbance of bile excretion only, and further studies are required.
In the study of Yanagisawa on the rate of detection of peroxidogenic bacteria from the feces (to be published), the rate of detection was higher in infants, decreasing with adovanced age until scarcely any could be isolated in children of school age. The studies of the author also confirmed these results. In healthy adults no peroxidogenic bacteria were isolated from feces, but some could be isolated from patients with diseases of stomach and obstructive jaundice. It appears to be a reasonable inference that peroxidogenic bacteria in the oral cavity transiently inhabit themselves in the intestine as a results of being influenced by diseases of the digestive organs. (14) 3. H2O2 production by bacteria: The main enzyme participating in the H2O2 prouduction of bacteria is considered flavoprotein, when O2 is selected as H-acceptor as oxitrophic dehydrogenase, a direct reaction with O 2 leading to H2O2 production takes place. substrate H2+flavoprotein=substrate+flavoprotein H2 flavoprotein H2+O2=flavoprotein+H2O2 It is of interest that peroxidogenic bacteria do not show black changes with colonies on BEB agar under anaerobic conditions. In the author's experiment using pepton broth with and without a paraffin covering after the addition of benzidine solution and erythrocyte solution for the culture of H2O2 producing bacteria, black changes beginning from the upper layer broth were seen, reaching the lower layer as days went on, when the paraffin was not covered. In the broth with paraffin covering, no blockening of the broth could be seen. Upon passing in it the air, blackening occurred within 10-30min.
When benzidine solution and erythrocyte solution were added after culture, similar results were obtained. From these experimental results, only the first step of H2O2 production progressed in anaerobic culture due to a lack of O2, so that the flavoprotein-H2 accumlated. On exposure to air (O2), the second step progressed and H2O2 production was completed.
The peroxidogenicity of the peroxidogenic bacteria isolated by the author is not lost on culture through generations.
All the strains were cultured on a heart infusion agar slant medium with intervals ranging from 2 weeks to one month. After 4 years, blackening of BEB agar was quite similar to that in the initial stage. Ten of these strains were cultured for 40 successive generations with short intervals of one week on ordinary agar slant medium added with glucose, and similar results were obtained.
4. Action of H2O2 produced by bacteria on bacteria: Many studies and discussions were conducted on the effect of H2O2 on bacteria which produced it or other coexisting bacteria. The fact that D. pneumoniae disappears in a few days in the vessel for culture at 37C is probably due to the accumulation of H2O2 in the medium. The prolongation of the period of preservation in the medium to which blood was added is probably due to a catalase contained in the blood. However, the peroxidogenic strain isolated by the author does not appear to be inhibited by H2O2 in comparison with streptococci which do not produce H2O2.
As the inhibition of heterologous microorganisms by H2O2. some studies2)5) indicate that peroxidogenic bacteria in the oral cavity shows an inhibitory action an the survival and proliferation of other bacteria.
However, demonstration of H2O2 in vivo is rather difficult.
According to Karus,5) the inhibitory effect of biogenic peroxide in vivo is probaly slight or absent, due to the presence of catalases and peroxidases in saliva.
In the microorganisms isolated by the author, especially upon isolation from feces, they may be isolated as if they had been in a pure culture. Fig. 5 shows the culture of the feces of an infant with infantile pseudocholera using BEB agar. This is due to the fact that H2O2 producing bacteria shows a considerable inhibitory action in predominance against heterologous microorganisms. ACKNOWLEDGEMENT The author's grateful acknowledgement is made to Prof. F. Yanagisawa , Institute for Medical Research on Rural Welfare of Tokyo Medical and Dental University, who has always given the author valuable advice and guidance during these studies.
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